Determination of Polonium 210 in cigarettes using radiochemical separation and alpha spectroscopy / Noor Fazila Mustaffa by Mustaffa, Noor Fazila
DETERMINATION OF POLONIUM 210 IN CIGARETTES USING 
RADIOCHEMICAL SEPARATION AND 
ALPHA SPECTROSCOPY 
NOOR FAZILA BINTI MUSTAFFA 
Final Year Project Report Summitted in 
Partial Fulfilment of the Requirements for the 
Degree of Bachelor of Science (Hons.) Applied Chemistry 
in the Faculty of Applied Sciences 
Universiti Teknologi MARA 
NOVEMBER 2008 
This Final Year Project entitled "Determination of Polonium 210 in Cigarettes 
Using Radiochemical Separation and Alpha Spectroscopy" was submitted by 
Noor Fazila Binti Mustaffa, in partial fulfillment of the requirements for Degree of 
Bachelor of Science (Hons.)Applied Chemistry, in the Faculty of Applied Science 
and was approved by 
t 
Prof Madya Dr Hj Zaini b. Hamzah 
Supervisor 
B. Sc. (Hons.) Applied Chemistry 
Faculty of Applied Sciences 
Universiti Teknologi MARA 
Miss Sati/in^Bt6 M. Yahaya 
Project Coordinator 
B.Sc (Hons.) Applied Chemistry 
Faculty of Applied Sciences 
Universiti Teknologi MARA 
Dr. Yusairie Bin Mohd 
Head of Programme 
B.Sc (Hons.) Applied Chemistry 
Faculty of Applied Sciences 
Universiti Teknologi MARA 
Date: IJBIH 
ACKNOWLEDGEMENT 
In the name of Allah, The Most Gracious and The Most Merciful. Thanks to Allah 
S.W.T. for giving me the strength and patience to complete this study. 
During the completion of this study, there many people who gave me support and 
supervision. First, I wish to express my sincere gratitude and appreciation to my 
thesis supervisor, Assoc Prof. Dr. Haji Zaini Bin Hj. Hamzah for taking me as his 
project student and his invaluable guidance, advice, and encouragement during the 
discussion period and preparation of this Thesis. I also would like to thank Encik 
Jalal and staffs of Malaysian Nuclear Agency (NM) for their assistance, guidance 
and moral support throughout this study. 
Thank you also to my classmates who lend the support, assistance and cooperation 
during the preparation of this thesis. I would also like to thank others who have 
contributed directly or indirectly in making this report a success. 
Above all, my special thanks and appreciation go to both my parents, En. Mustaffa 
Abd. Ghani and Pn. Shamsiah Binti Yusuf for their financial support, encouragement 
and patience during have done this thesis. 
Noor Fazila Mustaffa 
in 
TABLE OF CONTENTS 
Page 
ACKNOWLEDGEMENTS iii 
TABLE OF CONTENTS iv 
LIST OF TABLES vi 
LIST OF FIGURES vii 
LIST OF ABBREVIATIONS viii 
ABSTRACT ix 
ABSTRAK x 
CHAPTER 1 INTRODUCTION 
1.1 Introduction 
1.2 Objective 1 
1.3 Scope of work 4 
4 
CHAPTER 2 LITERATURE REVIEW 
2.1 Polonium-210 5 
2.1.1 Origin 7 
2.1.2 Alpha Radiation 8 
2.1.3 Properties and Uses of Polonium 9 
2.1.4 Toxicity 10 
2.1.5 Environment Effects 11 
2.1.6 Polonium In Human Body 11 
2.1.7 Primary Health Effects 12 
2.2 Tobacco 13 
2.1.1 Radioactivity In Tobacco 13 
2.1.2 The Source of Polonium-210 in Tobacco 14 
2.1.3 The Path of Radiation from Fertilizer to Tobacco 14 
2.3 Cigarettes 15 
2.3.1 Cancer Risk In Relation To Radioactivity in Cigarettes 16 
2.3.2 Alpha Radiation in Lungs 19 
2.4 Activity Concentration 20 
2.4.1 Activity Concentration of Po-210 In Cigarette to Smoker 20 
2.5 Effective Dose 21 
2.5.1 Sievert(Sv) 21 
2.6 Committed Effective Dose 22 
2.7 Radiochemical Analysis 22 
2.7.1 Counting Using a Source in Metal Disc 23 
2.8 Alpha Spectroscopy 23 
2.8.1 ORTEC- Alpha Spectroscopy 24 
iv 
ABSTRACT 
MEASUREMENT OF POLONIUM-210 IN CIGARETTES USING 
RADIOCHEMICAL SEPARATION AND 
ALPHA SPECTROSCOPY 
Seven brands of cigarettes sold in Malaysia were selected from a market in Shah 
Alam to study Po-210 concentration and dose equivalent to smoker. Effect of Po-210 
to lung cancer is an important problem in many countries with very high cigarette 
consumption. The objective of this thesis is to determine the activity Po-210 in each 
cigarettes brand, to estimate annual dose inhalation and annual committed effective 
dose via smoking, and compared with recommended value. In this study, Po-210 was 
determined by alpha spectrometry using a silicon surface barrier detector after 
radiochemical procedure and spontaneous deposition of polonium on a silver disk. 
The polonium content in cigarette smoke was estimated based on its activity in fresh 
tobaccos, ash, filters before and after smoking and wrapping paper. The annual 
committed effective doses were calculated basis on 50% of the total smoke is 
inhaled. The results indicated that Po-210 content in each cigarette brand was from 
6.84-13.38 mBq/cigarette and the results of this study are in the range of values 
measured elsewhere in the world (2.64 to 24.88 mBq/cigarette). Besides, Malaysian 
smokers who smoke one pack (20 cigarettes) per day, inhaled from 25.05 to 32.85 
Bq/year of Po-210. The mean value of the annual committed effective dose for 
smokers was estimated to be 85.16 |uSv. A person who smokes two packs of 
cigarettes, the annual committed effective dose was 170.32 JUSV yr_1 and about 7 
times higher than for non-smokers living in the mid-latitudes of the northern 
hemisphere. 
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